In a paper in 1938 we, along with G. M. King, gave an account of the ripe male sexual phase in salmon parr from the Welsh Dee. In this paper it was shown that the attainm ent of the ripe male phase is normal in at least a high percentage (about 80%) of the male population, and not merely in a few individuals. This work was complementary to th at of Carr (1913), Dahl (1910 and others (vide Tchernavin 1939), and extended and clarified their observations. I t was also shown th at among migrating fish (smolts) there were (1) males with apparently spent gonads, (2) the normal females with immature gonads, and (3) individuals with tubular gonads extending the length of the body cavity. Some doubt was felt about the sex of fish with long tubular gonads, but they were thought to be and have now been proved to be males, thus confirming Carr's assump tion ( l o c. cit.). Most of these tubular gonads are immature and virgin. The problem remained whether in fact young males spawn on the beds before migrating to the sea. I t was noted that many statements in the literature affirmed th at this occurred, but no critical observations appear to have been made. At the present time we consider th at the only scientific evidence we have on this m atter is circumstantial and is supplied in the observations recorded below.
Council. These phases as applied to young salmon are shown in figure 1 and were given in our earlier paper (1938, p. 107) .
{a) Ovary
All the females examined had the gonad in stage II (see figure lx). This is a resting stage in which eggs are developed up to a size of about 250//. in diameter. It is acquired in yearling salmon, and its relative size showed no appreciable change in any of the fish. Arwiddson (1910) gives further information on this stage. It is clear th at under exceptional conditions the female gonad may mature and produce ripe ova in fresh water (Regan 1938 ), but such conditions rarely occur in the normal habitat in rivers.
(6) Testis
Throughout the year the testis may occur in one or other of the phases shown in figure 1. When development (stages II-V ) takes place it begins in the summer and m aturity (stage VI) is attained in the autumn. Running fish (stage VI), namely, individuals ready to spawn, occur in the Welsh Dee towards the end of September and can be found until December with a maximum about November. From November to May spent fish (stage VII) occur among parr and smolts, and the cycle is begun again in some of the fish remaining in the river soon after the smolts migrate.
The occurrence and frequency of the various stages at different ages are given in table 1 and are shown in figure 2. The samples received are graphed arbitrarily in the following periods:
(1) June-July; beginning of development of the testis.
(2) August, September, October; completion of development.
(3) November-December; spawning phases. (4) January-M ay; spent (partially or completely) and immature phases.
(5) Smolts only; spent and immature phases. Excepting the smolts most of the fish are in their second summer of growth, that is, 1 + years becoming 2 years in October. Relatively few 0-group and 3-year individuals were captured. The mode of capture, chiefly by rod and line, undoubtedly selected the larger fish amongst those which would feed.
In June and July (figure 2, graph 1) the gonads show early development to stages II and III. There are a few spent stages of individuals which did not migrate. During August to October (graph 2) gonad development is completed and the bulk of the population have testes in stages III to VI. At the end of this period the fish aged 1 + become age 2 fish as at ; the two ages are shown separately for this period. A fair number of fish 1 + and 2 years old and an occasional 3-year-old have immature testes. There are occasional doubtful spent testes still to be found. In November-December (graph 3) a large proportion of the fish are either spent or in late stages of maturity. In the five months from January to May (figure 2, graph 4) the popu lation is now composed entirely of immature and spent fish (see also Jones 1940).
The condition among the migrating fish, the smolts ( figure 1, graph 5) , is essentially the same as in the post-spawning parr population (period January to May) of which it is virtually a sample. The occurrence among the smolts of only immature or spent gonads, in samples from sixteen different rivers, is undoubtedly significant; but it may be noted th at the testes would be of two sizes, as the stage I tubular gonad is smaller than the spent stage V II-II or V II-I. I t is possible th at this may account for the analysis of salmon smolt gonads made by Pentelow and others (1933) .
I t is virtually certain from the data given in table 1 and figure 2 th at the male population of salmon parr exhibit a sexual cycle, in which the gonad develops in summer, reaches m aturity in autumn, and becomes spent in the w inter; also th a t after spawning a high percentage of the males migrate to sea. All the 490 male smolts had quiescent testes, either spent or immature. An account of the histological changes in the sexual cycle in the gonad in male salmon parr is given by one of us (Jones 1940) .
The disappearance from the samples of males with full gonads after the spawning season round about November, when the large females make most of the redds, offers circumstantial evidence th at the young males have spawned in the river. There is no clear evidence as yet th at these young males spawn with the large immigrating females, but the provision of such evidence either by experiment or critical observation may be expected in the near future.
Histology op the male gonad phases
A histological examination of the male gonad phases (Jones 1940) has shown th at all testes recorded as stage I (tubes) (see figure 1) were im mature. Spermatogenetic development is correlated with a widening of the testes anteriorly (1+ stages), and as spermatogenesis proceeds the testes gradually fill with sperm, encroach posteriorly and eventually fill up the body cavity (stages V-VI). Spawning results in a general collapse of the gonads which brings about a thickening of the tunica and crypt walls. The macroscopic changes brought about by the ripening and the spending have been described. The structure of the spent testis confirms the nakedeye appearance and renders identification easy in the freshly killed fish. There is no doubt that fishes with spent gonads have spawned in the river.
River temperature during the period of gonad development
Gonad development in salmon parr in the localities studied begins about the middle of May and is completed about the end of October or earlier.
There are indications that this development may begin somewhat earlier in the warmer rivers. It is therefore probable th at temperature is one of the more important factors controlling gonad development. In the Dee
The paedogenetic male cycle in Salmo salar 493 DEE 1929 -1938 -X DEE 1938 -----BALA 1938 I A I M I J onNIDr F ig u r e 3. Seasonal variation in tem perature of th e R iver Dee (Wales and Cheshire). Gonad developm ent occurs during the period and in th e tem perature range shown above th e line AB.
The discontinuous thick line gives m onthly m eans of daily readings recorded for ten years by the Dee F ishery B oard ( R e p o r t s1 933, 1938) , th e th in line w ith crosse the m onthly m eans from th e sam e source for th e Dee for 1938. The th in discontinuous line gives m onthly m eans of regular daily records tak en w ith an accurate Calderara sea surface therm om eter (N .P.L. certificate) a t th e overflow of Bala Lake into, and the source of, th e m ain Dee. the temperature during the approximate period of gonad development (middle of May to end of September) is maintained above a level of about 52° F (see figure 3 ). I t would be interesting to know if such a correlation is constant throughout the geographical range of this fish. This may very well be so, as breeding in many poikilotliermous animals is known to be associated with particular temperature levels or accelerated temperature changes (Turner 1919; Orton 1920) . 
Spawning of males in successive years
Testes of the stage V II-II or V II-I type have been found exhibiting signs of redevelopment as shown by an abundance of germ cells in the crypts, but also having a thick tunica; further information on this kind of gonad is given by Jones (1940) . This ty pe has not been fully investigated but we have little doubt th a t a t least some few males spawn in successive years in the river. Hoek (1910) has suggested th at this might be so.
Two TYPES OF MALE SALMON SMOLT
The analysis of male sex phases given in figure 1, graph 5, gives a picture of the condition in male smolts. Some 4 0 % have immature gonads and the remainder mostly gonads which have functioned. I t is therefore a fact th a t two different kinds of males migrate to the sea from the river. W hether these are genetic or physiological types remains to be found in the future. The proportions in which these two types occur in our samples may not be representative of the migrating fish in any one river, as they are in the first place chiefly rod-caught fish, and in the second combined totals for all rivers.
The difference in the physiological condition of the two types may very well be reflected in their behaviour in the sea and in the date of their return to the river to spawn again. The proportions of the two types of males leaving a river in a particular year may be related to the variations found in the annual proportion of grilse returning to rivers and the high proportion of males among grilse (Menzies 1931; H utton 1938) . I t is highly desirable th a t the proportions of the two types of males should be known, and in the first instance for all the more important salmon rivers. The suggestion th a t two kinds of adult male salmon occur may be found in salmon literature.
During the forthcoming investigations on salmon biology in the River Forss the samples of parr and smolts collected for various purposes will also be examined for sex and sex proportions. I t is anticipated th at netted samples* will be available for a thorough study of the obscure points in the paedogenetic male cycle.
Ch a r a c t e r of sc a l e s i n m a t u r in g m a le pa r r
The scales of all the parr and smolts have been investigated and are described elsewhere (Jones 1939) . The problem of special interest is whether maturing male parr have summer rings on their scales and are therefore presumably growing while developing the gonad. 
The older male parr in British rivers
The occurrence of three-year-old males among the spent categories confirms the work of many workers. Only one four-year-old male has been encountered in the English and Welsh rivers dealt with. Four-, fiveand six-year-old parr or smolts are known from Sweden (Dahl 1910).
rivers, it would appear th at the relative paucity of adult males may be compensated for biologically by the abundant paedogenetic males.
Summary
In a further study of the male sex phases throughout the year in salmon parr-accompanied by histological investigation of the gonad-the earlier observations have been confirmed. Some 2790 parr and smolts, captured mainly by rod and line from English and Welsh rivers, have been examined; 50 % of these were male. All the females are immature virgins; the males exhibit a seasonal sexual cycle in which the gonad develops in the summer, becomes mature in the autum n and is spent in winter. After spawning, a high proportion of the male parr migrate to sea as smolts. All the male smolts examined, i.e. 490, had quiescent testes, being either spent, or immature and virgin. I t is hereby established th a t two types of male smolts migrate to sea. The gradual disappearance of ripe male parr during the spawning season (beginning about November) and the correlated appearance and increase of males with spent gonads renders it virtually certain th at the ripe male parr spawn on the salmon redds.
The temperature range in the rivers during the development of the male gonad is noted.
The finding of only 6 0 % spent amongst the migrating smolt males as against 75 % ripe, spending and spent male parr in the preceding spawning period, November and December, may be an indication of a slight mortality among the spawning males.
The sex records given herein, along with those of ripe parr in the literature, leave no doubt th at paedogenesis in the male of the Atlantic salmon Salrno solar L. occurs throughout its geographical range.
